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Abstract—Many current tools for conferencing and syn-
chronous collaborative work suffer from being limited to
certain types of documents or to specific, often proprietary
collaboration software. In this paper we introduce a system
for assisting synchronous collaborative work with arbitrary
software by enabling to move any window on a typical
computer desktop to other desktops in the system, may it be
another computer in the company or a virtual desktop being
run on a shared desktop-server. We equip these desktop-
servers with multiuser multicursor capabilities, such tha
groups of users can join to work concurrently on a shared
desktop, both locally and from a distance. As any kind of
window can be moved from desktop to desktop, the choice of
software that can be used for collaborative tasks is unlimied.
Our system is built from reliable open source components
only and is freely available for everyone. In this paper
we present the current version of our system that works
for arbitrary Unix-based computers and demonstrate the
feasibility of our approach. Thus we show how collaboration
suites, terminal systems, desktop sharing and multicursor
desktops can be generalized into a consistent system, where
the window on the screen is the users essential movable item
that is used for remote work and collaboration.

Keywords-Real-time collaboration, technologies for collabo-
rative work, open source, interface sharing.

I. INTRODUCTION

can also be a (virtual) shared multiuser desktop where
collaborative work can be carried out.

Such an approach substantially broadens the access to
non-local information at a particular computer screen.
We can make the freely movable window of a running
application be the essential item of collaboration. And we
can overcome the borders of the current desktop and create
something like a “shared desktop space” on which project-
wide or company-wide collaboration can take place, both
locally and from afar.

In this paper we describe the architecture and the
current version of our system. We start in Section Il with
comparing our work with existing collaboration software.
In Section Il we sketch various usage scenarios of our
system. Section |V lists the components and describes the
concepts of our systems architecture. In Section V we
describe the functionality of our system from the users
point of view with respect to the screenshots in Figure 4.
Section VI and Section VIl report on the hardware and
network requirements and the availability of our software,
followed by a conclusion and a proposal for future work
in Section VIII.

Il. STATE OF THE ART AND BENEFITS

In [1], we augment seldom-used multiuser multicursor
desktop technology [2] [3] [4] [5] by a remoteness- Most current systems for remote and (synchronous)
mechanism for allowing many users to connect to virtualcollaborative work fall into the following categories or
remote multiuser desktops for accomplishing collaboeativ can be considered a combination o). e-Collaboration
work. By combining well-tested open source component$latforms like Alfresco [6], e-groupware [7], and Zimbra
we achieve a system that supports small work groups i8] basically allow for coordinated editing and sharing of
working together synchronously from afar. This appeareslocuments and information) Software for collaborative
to be beneficial for e.g., an interactive meeting in a projecediting of single documents like Gobby [9], Ace [10]
design phase, but it can be useful in many other worl{11], and Abiword [12] allow for synchronous collabo-
and teaching situations as well. This approach modelsative editing, but only for limited types of documents.
the natural “come together” on a shared conference tabley) Terminal Systems like Citrix [13] and X2go [14] allow
where workers join for collaborative work on (paper) for accessing remote services (i.e., running software) tha
documents layed out on the table. However the datare run on a dedicated central servgrDesktop sharing
exchange with the shared desktop was limited to usingystems like the variants of VNC [15] [16] [17] or those
shared data with some software that must be installetbased on RDP [18] allow to share the entire desktop
on the shared desktop server, thus having data sharingith other remote users or to perform work on a distant
restricted to files or documents that must be somehowomputer.o) Web onferencing software like gotomeeting
transferred to or accessed from the shared desktop. [19] and Openmeetings [20] usually combines some of

With the current work we combine our remote sharedthese features, but still needs special (often proprigtary
desktop solution with a solution that allows to move arbi- software to be installed, is bound to web interfaces or does
trary windows among different computer desktops withoutnot allow for the natural concurrent work of many users on
interrupting the running application. The target desktopthe same desktop, like it is possible with the multicursor
can be just another desktop computer in the company, butoncept.
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With our system we try to generalize these approaches
to a consistent system of a shared desktop space among
group members, that is tightly integrated into a standard = DS
user system, such that moving windows and concurrent

and collaborative work of many users on multicursor k
group-work desktops (that can be accessed locally or from E E E
afar) gets a trivial part of everydays work routine.
For building blocks and communication between them 8 8 8 YY)
we rely on open source components and on open protocols
like SSH, X11, RDP, such that our system can be extended Figure 1: Multiuser multicursor desktops.

or integrated with other systems as needed. Our system is
built for arbitary X11-based software and desktops (i.e.,
Unix-based systems). But with Cygwin [21] and X11
for MacOSX [22], it can be accessed from Windows orA. System Components
MacOSX powered computers too.
Our system is built from well-known open source com-
) ._ponents: SSHSecure Shell) [23] [24] provides secure au-
Inter-desktop window movement has numerous appl'cafhentication mechanisms and secure encrypted data traffic

tions by itself &.g. when v_|S|t|ng a cqlleague In anotherand is nowadays the most widely used workhorse of secure
room and pulling over a window that is currently shown communication

on the own computer screen for discussion, or when a ) ) )
teacher pulls a well-prepared presentation of some running YNC (Virtual Network Computing) [17] is used for
software to a lecture hall's presentation computer, or whergraphical desktop sharing to communicate the contents
a system administrator delegates difficult problems to £f @ remote computer screen to another computer. It is
specialist by pushing the application window of the run-Pased on the platform-independent RFB protocol [25].
ning supervision software to the screen of the responsibly NC Viewers can connect to VNC servers running on
specialist. Pulling windows may also be helpful for simply différent operating systems.
changing the workplace e.g., from company to home, or Our prototype system is implemented with
for letting an application do background work and reattachDebian GNU/Linux [26] but can be used with any
to it as soon as this is of interest again, independent fronglesktop system based on an implementation of the X
the location of the user. windowing system [27] [28] like X.ord29], which is the
Multiuser multicursor desktops could be installed in central building block of most current Linux desktops.
meeting rooms or at presentation computers. Meeting Additionally we use xpra[30] as X11 proxy server.
attendees could pull the relevant application windows toThe xpra server can serve as a virtual X server for
the shared desktop to work on it with the group collabo-the application, while the xpra client can connect to it
ratively, like on a shared whiteboard. The same principleo fetch the interface of the application and make it
can be applied for student groups in a computer lab, whicKisible on a computer screen (see Section IV-B). xpra
practice team work or get assistance from an instructor. can apply various degrees of compression to the traffic of
All these work situations can also be carried out fromyser-interface information, making it possible to balance
a distance by using remote shared multiuser desktop$esponsiveness and quality of the visible view according
Users could connect to the shared desktop from a remotg the available network bandwidth.
computer, such that the view of the shared desktop is Finally, the Multicursor Window Managef2] [3] [4]

pr(_)pagz_ited to all part_ic_ipating Users |n real-time, thus[5] is an X11 window manager based on lceWM [31]
bex:lg;_ S|n|1|ultane_outsrl]y V'S'bll.e tt(') the _pzrtlmpants. ¢ that allows small groups of users to use a shared desktop
In allwe give the application window oh a computer concurrently by assigning a mouse cursor plus keyboard

aénd a distinct input focus on the shared desktop to each

Ean be car”rled around, sent and r.ecelved, like it W.as th%articipating user. By a simple click, a users can assign a
document” or the sheet of paper in pre-computer UmeS.  indow to his/her input focus to work on the window

Clearly, our system can freely be combined with aY\while other users may utilize other windows on the

other collaboration solution, as this would most pmbablydesktop at the same time. This allows for simultaneous

be just another software showing up in some window OnWork of different users on different windows on the same

the users’ screens. In practice remote multicursor deSktOpdesktop still, for the single window, no adaption of the

\;vé"cohrﬁvﬁs;oaggu?fhcgrsnaprﬁg'e?ofy v://(c)):ﬁea_g\}\?c:rlf% St(Tcr)n;mtoapplication’s user interface is required. Collaborationao
P group 9 y'single window is achieved naturally by quickly switching

IV. SYSTEM ARCHITECTURE input focus as necessary (see Figure 1).
In this section we describe the main building blocks of A modified version of_x2x[32] serves for sending
our system and sketch how they are combined to a systemouse and keyboard events to the multi-cursor desktop
that achieves the different functionalities we proposed. from remote.

I1l. USAGE SCENARIOS
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of the shared desktop is made visible to all participants
simultaneously and synchronously. To allow participation
on the work on the shared desktop, mouse and keyboard

- events are sent from the users to the remote multicursor
(st ) 5 {['xpra cllent | (v cen | : -
T E desktop via x2x connections, where each mouse/keyboard
[orasene] e is assigned to one of the mouse cursors and input focuses
application - ss of the multicursor system (dotted lines in Figure 3). With a
application . . . .
| i mouse click, users can assign their input focus to a window

on the shared desktop to work on this window, while other
work can be performed by other users on other windows
independently, but visible to all participants.

Figure 2: Pulling and pushing windows with xpra.

B. Pushing and Pulling Windows E. Putting it together: Pushing Windows to Remote Mul-

For enabling inter-desktop window movement, we canticursor Desktops
make use of an ancient design principle of X11, namely To being able to send local windows to a shared mul-
the separation of applications from their user interfacegicursor desktop for groupwork, we combine connection
(i.e., the windows on the desktop), where the X11 protocotunneling, desktop sharing and the pushing of windows via
[27] [28] is the protocol for application-interface commu- xpra as shown in Figure 3: For accessing the remote shared
nication. multicursor desktop, a user first establishes a single SSH

We add an xpra client-server pair to the line of X11- connection to the shared desktop-server. Then a VNC-
communication between application and interface (win-client is started locally to bring a real-time view of the
dow) (see Figure 2, left), which is invisible for the user remote desktop to the user, as described in Section I1V-D.
and has virtually no impact on the percepted performanceSubsequently, a locally run x2x-client is used to attach to
In case we want to push (or pull) the application windowone of the cursors of the multicursor desktop, enabling the
to another desktop, the local xpra client is terminated andiser to do work on the remote shared desktop. Finally,
another xpra client is started at the target machine, whiclfior moving a window from the users local desktop to
then connects to the running xpra server to fetch the usehe remote desktop, a window pushing step with xpra as
interface and pass it on to its local X server, which takesdescribed in Section IV-B is performed.
care of displaying it on the local screen (see Figure 2, By this combination we achieve the required functional-
right). Meanwhile the xpra server serves as an X server foity of a simultaneously visible remote shared multicursor
the application and as it is not interrupted by the switch ofdesktop, to which each participant can push application
the xpra clients, the application can carry on undisturbedwindows.
Note that the window indeed is moved from one desktop Note that remote shared multicursor desktops are just
to the other as it disappears from the original one (seé¢he most complicated scenario that can be handled with
Figure 4). Still, the target desktop itself can possibly be aour system. Simpler cases like window-movement to other
(remote) shared desktop beeing equiped for group workgrdinary desktops can be handled accordingly. In safe
see Section IV-E. environments like computer labs, it is even possible to

omit the SSH connection and to allow direct connections

C. Connection Tunneling S
_ between the participating computers.
We tunnel all connections for running a remote desktop-

session (the xpra connection, the mouse and keyboarfd Security and Access Control
events communicated via x2x, and the VNC connection As mentioned in Section IV-C, all relevant connec-
that propagates the view of a remote desktop, see alsiions (the VNC-connection, the x2x-connection, and the
Section IV-E) through a single SSH connection. As tunnel-xpra-connection) are tunneled through a single SSH con-
ing can be performed in both directions, it does not mattenection to guarantee encrypted safe communication. Via
which computer was the originator of the SSH connectionthe well-tested SSH login-mechanism (password-protected
Because of the reliable encryption of SSH, our system ior public-key-protected), security and access control can
capable to communicate safely, even behind firewalls andafely be handled by the SSH daemon. All the other
NATs. Note that as an alternative a VPN-solution like e.g.,daemons (xpra server, VNC server, X server) are restricted
OpenVPN [33] could take the role of SSH accordingly. to local connections, which can only be accessed from the
local SSH subsystem, thus there is no connection possible,
before a proper SSH connection between the participating
In the center of a remote multicursor desktop systemtomputers is established. This approach inhibits improper
we run a (virtual) X11 desktop with a multicursor win- connections and enables various access control schemes

dow manager and with an attached VNC server on &hat can be configured with the SSH configuration.
server computer. Users can get a real-time view of the

multicursor desktop by using an appropriate VNC client V. SCREENSHOTS
that connects to the VNC server (see the dashed lines In Figure 4 (left) a locally running application (the
in Figure 3). Thus, any action taken by one participantspreadsheet) with a shared remote multicursor desktop in

D. Remote Multicursor Desktops
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shared multi-cursor desktop
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Figure 3: System architecture of a remote shared multiusgtiaursor desktop with two participating users.
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Figure 4: Screenshots of a remote multicursor desktop in use

the background can be seen. On the remote desktop, Bowerful computer can consequently host more than one
mouse pointers are visible, indicating 3 users currentlyshared desktop.

attending the shared desktop. The different input focuses As the xpra connections and the VNC connections
are indicated by different colors of the title-bars of thecan adapt to different network bandwidths the system
windows on the multicursor desktop. In Figure 4 (right) can adapt itself to quite different network conditions
the spreadsheet application was pushed to the remotsy decreasing the image quality of the transmitted user
multicursor desktop to be worked upon by the participantsnterface, if necessary. Our system was tested to work
collaboratively. At any time, the spreadsheet window carwith reasonable internet connections including ADSL,
be pulled back to the local desktop without closing theXDSL, modem and (with slightly degraded performance)
application e.g., for completion steps. Note that in paacti  even with mobile UMTS connections, thus we conclude
the shared desktop is configured to be substantially largethat a bandwidth of 5-10 MBit/s per user of a multiuser
to provide enough screen space for collaborative work. Idesktop is sufficient for smooth operation. As mentioned
is even possible to add a dedicated monitor for groupworkn Section I1V-C, firewalls and NATs pose no difficulty to
on shared desktops to a workstation. the connectivity of our system.

VI. HARDWARE AND NETWORK REQUIREMENTS VII. AVAILABILITY

As the xpra server and xpra client consume very little  The current version of our system runs on a couple of
system ressources, the requirements for the client conbebian Linux-based demo computers, including a shared
puter are essentially based on the software, that is plannetkesktop server for remote multiuser multicursor desktops.
to be used. For hosting a single shared desktop, a standa@lr system consists of the software and the system config-
PC in the 1GHz/512MB/30GB-class is sufficient. A more uration necessary to combine the components as described
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in Section IV. It is currently packed into packages for easyfor communication between an application and its GUI.
installation on Debian Linux-based systems. We are alsdlaving achieved this, we could address the virtualization
working on a proper GUI and on the close integration ofof the underlying application independently of its GUI.
our system into the user interface of desktop envirenmentghis is the starting point of our future plans to explore
(e.g., GNOME [35]) as a supplement to the currentlypossibilities of application virtualization so that notlpn
existing command line interface, and we are eager to makthe application interface can be moved between computers,
our system available to some production environment. but also the running application itself, giving work groups
a heterogeneous network of computers to flexibly assist
VIIl. CONCLUSION location-independent collaborative work in many ways.
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